The monetary easing of the past few years by the world's major central banks through conventional and unconventional policies coincided with the longest and broadest commodity price boom since WWII. And not surprisingly, the impending normalization of monetary conditions has created expectations of a likely reversal in commodity price trends. Based on a reduced form, price-determination model which accounts for all quantifiable sectoral and macroeconomic fundamentals, this note finds that the effect of short-term interest rates on metal prices is mixed and modest. But, changes in longer term rates have a positive and highly significant impact. The note also concludes that metal prices respond (in that order) to industrial production, input prices, US dollar movements, and physical stocks of metals.
Introduction
nominal prices of energy, fertilizers, and precious metals tripled, metal prices went up by more than 150 percent, and food prices doubled. Abundant global liquidity associated with low interest rates and quantitative easing in major developed economies over the past few years figure prominently as the commodity boom's key causes. And not surprisingly, the impending normalization of monetary conditions has created expectations that commodity prices will decline. This note focuses on the relationship between interest rates and metal prices.
Low interest rates could exert upward pressure on commodity prices through several channels. First, they increase current (and expectations about future) commodity demand. Second, they alter stockholding behavior by reducing the cost of carrying stocks-for extractive commodities stocks could include recoverable reserves as well. Third, low interest rates in the U.S. could lead to depreciation of the US dollar-the currency of choice of most international commodity transactions. Fourth, they induce demand for futures contracts by portfolio managers of investment funds-the so-called financialization of commodities. On the other hand, low interest rates reduce the cost of capital which is associated with increasing investment and current (and future) commodity supply, therefore lowering commodity prices. And, they could signal lower expected inflation, again associated with lower prices. Therefore, low interest rates could be consistent with higher or lower commodity prices depending on the dominant effect of the first four channels compared to the investment and inflation expectations channels.
The relationship between interest rates and commodity prices goes back to Hotelling (1931) who argued that the price of an exhaustible resource must grow at the rate of interest (see Devarajan and Fisher (1981) for a literature review). Since then, this relationship has been examined extensively, especially during boom and bust cycles. See, for example, Cooper and Lawrence (1975) , Barsky and Kilian (2001) for the 1970s boom; Lamm (1980) , Gardner (1981 ), Frankel (1984 for the subsequent price declines; and Calvo (2008) , Caballero, Farhi, and Gourinchas (2008) , Medlock and Jaffe (2009), McKinnon and Liu (2012) for the recent boom.
The objective of this note is to examine the degree to which metal prices respond to changes in short-and long-term interest rates by applying a reduced-form price determination model and quarterly data (1991:Q1-2012:Q4) to six metals (aluminum, copper, lead, nickel, tin, and zinc) . The note concludes that, while there is mixed evidence about the impact of short-term rates on metal prices, the impact of longer term rates is positive and highly significant. The note also finds that, consistent with expectations, industrial production, input prices, and the US dollar all positively affect metal prices, while stocks negatively affect them.
Model
The model expresses the equilibrium price as a function of fundamentals by equating aggregate demand and supply of a commodity. The theoretical underpinnings of the model are explained in Turnovsky (1983) , Stein (1986) , Holtham (1988) , and Deaton and Laroque (1992) . Empirical applications include Gilbert (1989) who looked at the effect of developing country debt on commodity prices; Pindyck and Rotemberg (1990) , who examined comovement among various commodity prices; Reinhart (1991) and Borensztein and Reinhart (1994) who analyzed the factors behind the weakness of commodity prices during the late 1980s and early 1990s; Baffes (1997) who examined the long term determinants of metal prices; Ai, Chatrath, and Song (2006) who reexamined comovement among commodity prices; Baffes and Dennis (2013) who analyzed the key drivers of the post-2004 food price increases.
The model takes the following form:
denotes the nominal price of metal i, i = aluminum, copper, lead, nickel, tin, and zinc. denotes interest rate of maturity j, j = 3m, 1y, 5y, and 10y US Treasury Bills. , a demand proxy, denotes global industrial production, represents stock level of metal i, is the price index of manufacturing goods (a proxy for input prices), and is the US exchange rate against a broad index of currencies. The s are parameters to be estimated and is the error term, the properties of which will be discussed later.
Apart from 1 , the s can be interpreted in a straightforward manner. Industrial production is expected to have a positive impact on metal prices. Low stocks lead to higher metal prices. An increase in the prices of manufacturing goods is associated with higher metal prices. 1 The depreciation of the U.S. dollar strengthens demand from non-U.S. dollar consumers and negatively affects supply from non-U.S. dollar producers in turn increasing prices. Thus, the expected signs of the parameter estimates (noted as superscripts) are 1 ? , 2 + , 3 − , 4 + , 5 − . Data on metal prices are sourced from the World Bank's database and represent quarterly averages, expressed in U.S. dollar per metric ton. The US Treasury Bills are sourced from the Federal Reserve Board and represent the 3-month Treasury Bill rate (secondary market), Treasury Constant Maturity for 1-year, 5-year and 10-year. Global industrial production data are sourced from the World Bank's data base. Manufacturing prices (MUV) is a US dollar weighted index of manufacturing goods exported by the 15 largest manufacturing exporting economies. Data on stocks were taken from the London Metal Exchange and represent stocks in warehouses (metric tons, quarterly averages). Last, the exchange rate used is the US dollar broad nominal trade weighted exchange rate index, taken from the Federal Reserve Bank of St. Louis.
Prior to estimating the model, we examined the stationarity properties of all variables by applying unit root tests to levels with and without trend as well as first differences. The Augmented Dickey-Fuller (ADF) and Phillips-Perron (PP) statistics (not reported here) confirm stationarity in first differences for all prices, the two macroeconomic indicators, and industrial production. With a few exceptions (e.g., tin), the unit root tests for stocks supported difference stationarity as well. Thus, the performance of the models will be judged on the basis of cointegration statistics, in addition to conventional statistics.
Results
To set the stage, each metal price was regressed on each interest only, i.e., log� � = 0 + 1 log� � + . Results for the 24 bivariate regressions are reported in table 1. The results reveal a strong negative correlation between interest rates and metal prices, consistent with the prevailing view that the low interest rate environment of the past few years has been an instrumental force behind the commodity price boom.
Next, we estimate the impact of interest rates on metal prices by accounting for the full set of fundamentals discussed in (1). Results based on the 3m T-Bill are reported in table 2. Taken together, most statistics indicate that all six equations exhibit strong explanatory power. For example, of the 30 parameter estimates (excluding the 0 s), 22 are significantly different from zero at the 5% level while the average adjusted-R 2 exceeds 0.90. Moreover, all 12 ADF and PP statistics confirm stationarity of the error term at the 1% level of significance with half of them being well below -4.00.
The impact of the 3m T-Bill on metal prices is mixed. The average elasticity for aluminum, nickel, and zinc is slightly below 0.1 (significant at the 5% level in all three cases); it is positive and marginally significant for copper, negative and highly significant for tin, but not significantly different from zero for led. The mixed nature of the results echoes estimates from the literature. Gilbert (1989) based on an error-correction model (1965:Q1-1986:Q2) concluded that high interest rates have a negative impact on the metal price index, though with considerable lags. Baffes (1997) , who used a reduced form price model for five metals (1971:Q1-1988 :Q4) estimated mostly negative but not significantly different from zero elasticities. Akram (2009) , based on a VAR model (1990:Q1-2007:Q4) , concluded that commodity prices (including metals) increase significantly in response to a reduction in real interest rates. Anzuini, Lombardi, and Pagano (2010) , who applied a VAR on monthly data for 1970-2009, did establish that easy monetary policy is associated with higher metal (and other) commodity prices but also noted that the impact is modest. Frankel and Rose (2010) , based on annual data for a number of commodities including copper, platinum, and silver, found little support that easy monetary policy and low real interest rates are an important source of upward pressure on real commodity prices. Last, the 2013 Spillover Report (IMF 2013) estimated that under a smooth growth-driven normalization of monetary policy, a 100 basis points increase in short term interest rates by the US Federal Reserve will lead to a 7% and 5% increase in energy and non-energy commodity prices (under other scenarios, however, commodity prices would decline). Table 3 reports results based on all 4 interest rates (only the interest rate parameter estimate is reported). Estimates from the 1y T-Bill (second row) are similar to those of the 3m T-Bill-the size of the estimates increased marginally in 5 out of 6 metals. The longer term rates, however, give a different picture. For aluminum, copper, nickel, and zinc the parameter estimate for the 10y T-Bill averaged 0.57 and is significantly different from zero at the 1% level. It is marginally significant for lead (0.23, t-ratio = 1.89), and not statistically different from zero for tin. Thus, longer term interest rates appear to exert a positive and highly significant impact on metal prices. These results are consistent with Scrimgeour (2010) who found that a one percentage point increase in long term interest rates would raise metal prices by almost 10%.
To check robustness, the model was re-estimated as a panel (fixed effects). Results for all four interest rates are reported in table 4. The small and not statistically different from zero parameter estimates for the short term rates (first two columns) mirror the results reported earlier. And, as expected, the longer term rates (last two columns) confirm the positive impact on metal prices established by the OLS regressions, with estimates 0.13 (t-ratio = 4.57) and 0.29 (t-ratio = 5.66) for the 5y and 10y T-Bill, respectively. The panel results were supplemented with four cointegration tests, ADF and PP (as in the stationarity tests performed earlier) as well as v and rho tests for panel (both unweighted and weighted) and group statistics (Pedroni 2004). Of the 11 measures, 5 confirm cointegration at least at the 5% level for the 3m and 1y T-Bills. But the cointegration statistics improve considerably for the long term rates, especially the 10y T-Bill where 7 of the 11 statistics support cointegration at the 5% level (10 statistics at the 10% level), implying that the long term rates, especially the 10y T-Bill, improve the model's overall fit substantially.
The effect of the remaining fundamentals is consistent with microeconomic theory. The elasticity of industrial production was significantly different from zero in all cases with estimates ranging from 1.45 (aluminum) to 3.47 (nickel) (table 2); the average from the panel estimates was 2.35, and highly significant. A similar strong impact has been confirmed by numerous authors, including Baffes (1997) , Labys, Achouch, and Terraza (1999) , and Issler, Rodrigues, and Burjack, (2013) . For three metals (lead, nickel, and tin) stocks have a negative effect on the respective prices, though the magnitude is relatively small (the panel regressions average was 0.17, significant at the 1% level).
Manufacturing prices have exerted the largest impact after industrial production (except zinc) as evidenced by both the OLS and panel regressions-confirming the view that high input prices have played a key role during the post-2004 run up in metal prices (e.g. Radetzki et al 2008 , World Bank 2009 , Dobbs et al. 2013 . Note that in addition to manufacturing prices we included the price of oil as a proxy for energy costs; however, in no case they were significantly different from zero at conventional levels. Last, US dollar movements against a broad index of currencies have a strong and highly significant impact, which is in line with earlier literature (Gardner 1981 , Gilbert 1989 , Baffes 1997 , Akram 2009 ).
Conclusion
Based on a reduced-form price-determination model applied to 1991:Q1-2012:Q4 quarterly data for six base metals-aluminum, copper, lead, nickel, tin, and zinc-this note assesses the impact of short-and long-term interest rates on metal prices. The empirical estimation finds mixed evidence for the impact of short-term rates on metal pricespositive effect on aluminum, copper, nickel, and zinc, negative on tin, and no impact on lead. However, longer term rates are found to have a strong positive impact for five of the six metals, a result which is confirmed by both the individual OLS and panel regressions. Thus, the impending monetary tightening by the world's major central banks is likely to have only a minimal impact on metal prices as long as it involves only an increase in short-term interest rates. However, if monetary tightening also leads to increases in longer term rates, the metal price boom could be prolonged, ceteris paribus. Last, the note concludes that among the remaining fundamentals, industrial production activity affects metal prices the most, followed by costs of inputs (equipment, machinery, etc.) proxied by manufacturing prices, US dollar exchange rate movements, and stocks.
From a methodological perspective, the note highlighted the fact that when the effect of fundamentals on commodity prices are examined in isolation of each other, the results could be misleading, as the differences in tables 1 and 2 illustrate. More importantly, the strong evidence of cointegration (which establishes the presence of a long run relationship between fundaments and metal prices) would make a Vector Error Correction model a natural extension of the model. For example, the short run dynamics could shed more light on the relation between monetary conditions and metal prices, which may depend, among other factors, on the perceptions of economic actors regarding the position of the economy in the business cycle and the timing in monetary tightening. 
Notes:
The independent variable is the logarithm of the metal price and the dependent variable is the logarithm of the interest rate; the regressions include a constant term. Heteroskedasticity-consistent absolute t-statistics are reported in parentheses; they are based on Newey-West's method. Significance level: * = 10 percent, ** = 5 percent, *** = 1 percent. 
The independent variable is the logarithm of the respective price. Heteroskedasticity-consistent absolute t-statistics are reported in parentheses; they are based on Newey-West's method. Significance level: * = 10 percent, ** = 5 percent, *** = 1 percent. 
Note:
The independent variable is the logarithm of the respective price. Heteroskedasticity-consistent absolute t-statistics are reported in parentheses; they are based on Newey-West's method. Significance level: * = 10 percent, ** = 5 percent, *** = 1 percent. ADF, PP, v, and rho denote cointegration statistics (Pedroni 2004) .
